ABSTRACT. DNA from ticks recovered from 1137 dogs and 133 cats from all over Japan were examined for Rickettsia infection by citrate synthase gene (gltA)-based PCR and partial nucleotide sequencing. A total of 91 dog tick samples and 18 cat tick samples showed a single band of the appropriate size in the nested PCR. Sequence analysis was successfully performed on 102 samples. DNA of Rickettsia japonica or closely related Rickettsia spp. strains were detected from 38 ticks in 16 prefectures mainly in western Japan. The other 33, detected from 13 prefectures including Hokkaido and Okinawa, were found to be Rickettsia helvetica or closely related strains.
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Detection of Rickettsial DNA in Ixodid Ticks Recovered from Dogs and Cats in Japan
Hiroko HIRAOKA 1) , Yojiro SHIMADA 2) , Yoshimi SAKATA 3) , Malaika WATANABE 1) , Kazuhito ITAMOTO 1) , Masaru OKUDA 1) and Hisashi INOKUMA* Humans and animals are often exposed to a large number of tick species, depending on the distribution of these arthropod vectors in the environment. Recently, interest in ticks of domestic animals has been increasing, because of emerging and re-emerging tick-borne diseases and their zoonotic nature, including rickettsial, bacterial and protozoal pathogens. Rickettsiae belong to the order Rickettsiales and are obligate intracellular, gram-negative bacteria. Several species cause disease in humans and other animals and have a worldwide distribution. This genus was subdivided into three groups, the typhus group (TG), the ancestral group and the spotted fever group (SFG) on the basis of phenotypic criteria [2] .
In Japan, Rickettsia japonica, classified into the SFG Rickettsia, was discovered to be the causative agent of Japanese spotted fever (JSF) [7] . The JSF patients have been mainly identified in the western part of Japan since 1984, when the first patient was reported in Tokushima prefecture.
Recently, many Rickettsia spp., including Rickettsia helvetica and Rickettsia felis, have been detected from ticks in Japan [2, 6] . However, this wide variety of Rickettsia species in Japan has been examined only in limited localities and the overall distribution of Rickettsia in Japan has not yet been determined. In this study, the detection and analysis of Rickettsia species from ticks recovered from domestic dogs and cats all over Japan was attempted using molecular methods including PCR and sequence analysis of the citrate synthase gene (gltA).
MATERIALS AND METHODS
Ticks and extraction of DNA: A total of 4122 ticks were recovered from 1137 domestic dogs and a total of 287 ticks were recovered from 133 domestic cats from 47 prefectures in Japan and stored in 70% ethanol for morphological identification [12, 13] . After identification, one tick per dog or cat was selected for screening analysis. All the ticks selected were semi-or fully-engorged adult females or nymphs. Total DNA was extracted with a method described previously [4] .
Amplification and sequencing of rickettsial gltA gene: A nested PCR was used to detect 5 rickettsial gltA gene fragments from the ticks. The first PCR amplification was performed in a 25-μl reaction mixture containing 5 μl of each DNA template with a genus specific primer set, RpCS.877p and RpCS.1273r [11] . A 1:100 dilution of the first PCR product with DW, was used as a template for the second PCR, using an inner primer set; RpCS.896f (GGC TAA TGA with Rickettsia sp. AT1, closely related to R. akari detected in Japan [6] , and 28 ticks that showed 99.1 to 100% homology with Rickettsia sp. In56 [5] . One of the remaining 2 ticks (Group4)
showed highest homology of 99.1% with R. canada, and another showed 99.8% homology with 'C.
R. tarasevichiae' [14] .
The distribution of the rickettsial genes detected in this study is summarized in Table 1 and Fig.2 . The rickettsial DNA in Group1 was detected from 15 prefectures mainly in western Japan.
Group2 rickettsial DNA was detected from 13 prefectures from Hokkaido to Okinawa prefectures.
Group3 rickettsial DNA was detected from 19 prefectures from Hokkaido to Kagoshima. In Group4, R. canada-like rickettsial DNA was detected in Fukuoka Prefecture, and 'C. R.
tarasevichiae'-like DNA was from Hokkaido.
The information on tick stages and host animals for the positive tick samples are summarized in Table 1 . Rickettsial DNAs in Group1 were detected from 22 H.longicornis ( 
DISCUSSION
In the present study, ticks recovered from dogs and cats were used for the epidemiological study of Rickettsia in Japan. One tick was selected from each dog and cat for screening purposes.
All the selected ticks were fully-or semi-engorged adults or nymphs, meaning they contained peripheral blood of the canine or feline host. Thus, a positive PCR result would lead to two possibilities of infection, either the tick or the animal host. From the nested PCR results, 109 samples were positive and these ticks were widely distributed throughout Japan. Successfully determined 102 rickettsial gltA sequences were divided into 4 groups based on their sequence analyses.
In Group1, rickettsial DNAs closely related to R. japonica or Rickettsia spp. strains DT1 FLA1, and Hf151, were detected from 38 ticks, mainly in western Japan. DT1 and FLA1, isolated from Dermacentor taiwanensis and H. flava, respectively, were found to be closely related to R. japonica [6] . Rickettsia sp. Hf151 detected from H. flava is thought to be a new species of the SFG rickettsiae and is particular to Japan [5] . It is not clear whether the Rickettsia spp. strains DT1, FLA1 and Hf151 are pathogenic to humans and/or animals. As R. japonica is a well known pathogen of Japanese spotted fever in Japan [7] , it is important to distinguish R. japonica from other related strains. Unfortunately the 322bp of the rickettsial gltA analyzed in this study was too short to determine the strains accurately. More sequence analyses using other genes should be carried out for this purpose. However, in the present study, rickettsial DNAs of R. japonica or closely related strains were detected from several prefectures, including Tokyo, Ishikawa, Kyoto, Nara, Okayama and Tottori, where the pathogens or JSF patients have never been detected before [5, 6, 8 ].
D. taiwanensis and H. flava are confirmed vectors of R. japonica [6] and H. longicornis is thought to be a potential vector of the pathogen [15] . In this study, 57.9% of Group1 rickettsial DNA was detected from H. longicornis, the predominant tick species of dogs and cats. These results suggest that H. longicornis may be a vector of R. japonica and closely related strains.
In Group2, R. helvetica and closely related strains IM1, IP2 and IO1, are included [2, 6] .
In the present study, 33 detected DNA were found to be R. helvetica or closely related strains. The DNA was detected from Hokkaido, northern Japan, to Okinawa, southern most islands. Previously R. helvetica was known to exist only in European countries [1] . Recently, several Rickettsia spp.
closely related to R. helvetica were detected from Ixodes ticks in Hokkaido, Akita, Fukushima, Kumamoto and Kagoshima prefectures [2, 6] . R. helvetica and its close strains were found to be more widespread in Japan than previously reported. It is possible that this group of Rickettsia might be more widely distributed than expected. Furthermore, most of the R. helvetica and related DNA were detected from Haemaphysalis ticks in this study, although suspected vectors of R.
helvetica and related species are Ixodes spp [2] . Whether or not Haemaphysalis is a vector of R.
helvetica or closely related strains in Japan remains to be seen, because it is not clear whether the rickettsial DNA came from the tick or the host. DNA fragments of R. helvetica-like strains were also detected from 2 Rh. sanguineus ticks recovered from 2 dogs in Okinawa, in this study. This is the first record where DNA of R. helvetica or a close strain was detected from Rh. sanguineus and also the first such finding in the sub-tropics. Rh. sanguineus is a tick that prefers canine hosts and is known to be a vector of R. conorii, an etiological agent of Mediterranean spotted fever [9] .
However, R. conorii was not detected in this study.
R. akari is a pathogen of rickettsial pox and has been detected in the U.S.A., Ukraine, Korea and Slovenia [10] . Although R. akari has never been detected in Japan, Rickettsia spp.
strains AT1 and In56 that are closely related to R. akari have recently been detected in Japan [5, 6] .
The pathogenicity of these strains, however, remains to be elucidated. In the present study, 1 rickettisal DNA which showed 100% nucleotide sequence identity to strain AT1 and 28 rickettsial DNA which showed high nucleotide sequence identity to strain In56, was identified and categorized into Group 3. Rickettsial DNA in Group 3 was widely distributed from northern to southern Japan.
More than half of the R. akari and related DNA were detected from Ixodes nipponensis and Ixodes ovatus ticks, in this study. These ticks may be possible vectors of this agent. Furthermore, cats were more related to this Rickettsia than other Rickettsia species, although direct evidence is required to demonstrate the relationship between cats, Ixodes spp. and this group of Rickettsia.
R. canada is widespread in northern America and its vector is H. leptorispalustris. The pathogenesis of R. canada is not clear, but there is a report that R. canada causes a Rocky Mountain spotted fever-like disease and acute cerebrovasculitis in humans [3] . R. canada or a related species has never been detected or isolated in Japan, thus this is the first record of this Rickettsia species in Japan. In this study, a DNA fragment similar to R. canada was detected from a tick recovered from a dog in Fukuoka prefecture, but the origin and history of overseas travel of the dog were both unknown. Another R. canada-like DNA was detected from an Ixodes sp. tick recovered from a dog in Hokkaido. The gltA sequence showed 99.8% similarity with 'C. Rickettsia tarasevichiae' which was recently detected from I. persulcatus in Russia [14] . In Russia, 9.27 to 20.5% of I.
persulcatus have 'C. R. tarasevichiae', but its pathogenicity is still unclear [16] . 'C. Rickettsia tarasevichiae' has never been detected or isolated outside of Russia, including Japan. The dog from which the tick was recovered showed no symptoms except for heavy tick infestation.
Although the origin and history of overseas travel of this dog were unknown, it is possible that 'C.
Rickettsia tarasevichiae' is present in northern Japan where the tick vector I. persulcatus can be found [12] .
Four groups of Rickettsiae, including possible new pathogens, were detected in this study.
Although more epidemiological studies are required to clarify the distribution, vectors, and carriers of the Rickettsia, dogs and cats may be possible carriers of the agents. It is also important for both medical and veterinary workers to be aware of the variety of rickettsial pathogens present in Japan. .
